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Abstract  
Simulation of the dry reinforcement preforming, first step of the Resin Transfer Moulding 
process, become necessary to determine the feasibility of the forming process, compute the 
fiber directions in the final composite component, and optimize process parameters during 
this step. Contrary to geometrical approaches, based on fishnet algorithms [1, 2], finite 
element methods can take into account the actual physical parameters, the real boundary 
conditions and the mechanical behaviour of the textile reinforcement [3, 4].  The fabric can be 
modelled either as continuum media with specific material behaviour [5, 6], or using discrete 
structural elements to describe the textile structure at the mesoscopic scale [7, 8]. A semi-
discrete approach, which is a compromise between the above continuous and discrete 
approaches [9, 10], is also used for simulation. A discrete approach for the simulation of the 
preforming of dry woven reinforcement has been proposed and presented in a previous paper 
[11]. This model is based on a “unit cell” formulated with elastic isotropic shells coupled to 
axial connectors. The connectors, which replace bars or beams largely studied in other 
discrete approaches [12], reinforce the structure in the yarn directions and naturally capture 
the specific anisotropic behaviour of fabric. Shell elements are used to take into account the 
in-plane shear stiffness and to manage contact phenomena with the punch and die. The linear 
characteristic of the connectors [11], has been extended to a non linear behaviour in the 
present paper to better account for fabric undulation. Using this numerical model, we propose, 
in this work to study the effect of process parameters on the woven fabric deformation during 
the performing step. The emphasis will be placed on the analysis of the influence of the blank 
holder pressure on the shear angle distribution.  
Introduction 
Resin Transfer Molding (RTM) is one of the most used manufacturing processes for industrial 
composite materials [13]. The first step of the RTM is dry preforming of the fabric 
reinforcement sheet. During this forming step, significant local deformation may occur 
especially in-plane shear strains [14], which result in local variations of the textile 
reinforcement geometry. These variations strongly influence the permeability of the 
reinforcement and consequently affect the resin flow impregnation [15]. The local 
deformation of the reinforcement can also influence the mechanical properties of the final 
composite component. The simulation of this preforming step is used to have a response of 
the feasibility of the forming process and to verify the fibre directions in the final preformed 
fabric. 
Opposite to geometrical approaches, based on fishnet algorithms [1], finite element methods 
can take into account the mechanical behaviour of the textile reinforcement and the contact 
phenomena during forming simulation. Several methods for the finite element modelling of 
woven reinforcements have already been proposed. It is possible to consider the fabric as a 
continuum material obtained either by homogenization techniques (anisotropic behaviour) or 
with a no orthogonal constitutive modelling method [5], or with an anisotropic hypo-elastic or 
hyper-elastic continuous behaviour [17-18]. Discrete approaches [9, 10] are used to model the 
fabric structure at the mesoscopic scale. Semi discrete approaches, which are a compromise 
between the continuous and discrete approaches [3][8] have also been developed. In the 
present paper, a simplified method to simulate the preforming process is proposed, which 
aims to predict the shear angle distribution and to decrease calculation time. It is based on the 
coupling of a discrete approach (using non linear axial connectors) and a continuum shell 
formulation. Shell elements are used to take into account the in-plane shear stiffness, and to 
manage the contact phenomenon with the forming tools and eventually with an additional 
reinforcement ply. The connectors reinforce the structure in the yarn directions and naturally 
capture the specific axial behaviour of the fabric. This modelling approach is well adapted to 
describe the textile structure at the mesoscopic scale. In this paper an extension of this model 
which takes into account the undulation phenomenon is presented, the model has been then 
used to study the effect of blank holder force on the shear angles.  
 
Model description: 
In previous work, a discrete approach has been developed to simulate the stamping of woven 
fabric reinforcement and to predict yarn orientation of the deformed shape [11]. The structure 
of the numerical “unit cell” is shown in Fig. 1. It is a hybrid element built using a 
quadrilateral shell element (with 4 nodes) in which the four vertices are connected by axial 
connectors, along the edges of the element. The connectors control the tensile stiffness in the 
fabric, and naturally capture the anisotropy evolution of the textile media during deformation. 
The shell element, however, controls the in-plane shear stiffness and manages the contact 
phenomenon. This “hybrid element” describes a small portion of the fabric being considered 
(G1151 for instance), this portion is not necessarily the same size as the real unit cell of the 
woven fabric. 
 
Figure 1: The unit cell model 
The shell behaviour is elastic and it’s identified using a bias test and an inverse optimisation 
method [11]. The connector behaviour can be either linear or nonlinear (polynomial), the 
identification of the connector stiffness is done using a uniaxial tensile test of a reinforcement 
specimen (Fig.2). 
 
 
Figure 2 : Tensile test ( the real test and the equivalent modelled specimen using the shell elements 
and the connectors) 
A summary of the model parameters is presented in the table below: 
Shell parameters 
 
- Shell Young’s modulus = E [MPa] 
- Shell thickness = th [mm] 
- Shell Poisson’s ratio= ν  
Connectors parameters 
 
Linear Connector : Equivalent stiffness like a basic spring model (When a linear behaviour in 
tension of the specimen is considered ) : 
- K [N/mm] 
Non linear connector : Stiffness for non-linear connectors (When a non-linear behaviour in tension of 
the specimen is considered ) : 
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With : 
- # , #: coefficients to be identified. 
- 	
 : The local displacement of the connector. 
-  = $% ( see figure 2)  
 
Results 
The simulation results using linear and nonlinear connectors, and local measurements of the 
shear angles of the real preformed part, are presented in the following figures.  
 Figure 3: Experimental measurements   
 
 
Figure 4: Shear angle computed with linear 
connectors 
Figure 5 : Shear angle computed with non-linear 
connectors 
Those figures show that the two models seem to correctly predict the shear angles in the areas 
of the flange, they also show that these models consider a coherent angle in the most critical 
area, however the nonlinear model is more realistic (43()1° the real critical angle, 44.6 ° the 
angle estimated by the linear model and 43.29 ° angle calculated by the non-linear model). In 
addition, the nonlinear model seems to better predict the non-sheared zone. The linear model 
seems to slightly overestimate the surface of the area compared to the real surface. Indeed, the 
non-linear model predicts a smoother transition region, and a surface comparable to the non 
sheared real surface. 
Blank holder force analysis 
To analyze the effect of the blank holder force, shear angle profile along the dashed red line 
presented in the figure 6 are compared for different blank holder forces. 
 
Figure 6: The unit cell model 
Three different values of blank holder force (5N, 50N, 100N), have been used, the obtained 
angle profiles along the red line are presented in the figure 7 for the linear connectors and the 
figure 8 for the nonlinear connectors. 
 
Figure 7: Shear angle profiles using linear connectors Figure 8: Shear angle profiles using non linear 
connectors 
 
The curves of the figure 7 show that the blank holder force has an impact on the shear angles 
especially in the transition area. Indeed, in that most critical area (see figure 4 and figure 5°) 
the shear angle decreases when the blank holder force increases. This seems logical; indeed an 
increase in the blank holder force creates a high pressure perpendicular to the plane of 
reinforcement which makes the yarns working more in tension, limits the rotation of the 
connectors and then the shearing. 
This result proves that the blank holder which is generally used to avoid the general 
membrane wrinkling is also very useful to avoid the wrinkling phenomenon specific to the 
woven reinforcement (local folding due to the shear angle locking), Indeed high blank holder 
load creates lower shear angles, and then less risk of local folding due to yarns locking. 
Figure 8 presents the results using the non linear connector’s behaviour. This result shows that 
the model is also sensitive to the blank holder force especially for the plane area underneath 
the blank holder, and we observe that the same tendency is observed also for this case, indeed 
the shear angle value increase when the blank holder forces decrease.  
In conclusion, this study shows the efficiency and the physical aspect of this simple model 
which allows in addition to the shear angle prediction, to analyze the effect of the variation of 
boundary conditions and process parameters.  
Conclusion 
In this paper an extension of a discrete finite element woven fabric performing model 
presented in a previous work has been proposed. The result obtained using both original and 
the improved model was compared to experimental results, good agreement has been found 
for both cases. The effect of the blank holder force has been also, studied; an impact of the 
blank holder force on the shear angles has been revealed.  
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